1. Introduction
===============

Esophageal cancer is placed among the most common malignancies all over the word with approximately 572,000 new cases and cause the cancer-related death of 509,000 patients every year.^\[[@R1]\]^ The prognosis of esophageal cancer is poor with a 5-year overall survival (OS) rate as low as 15%.

It has been reported that immune reaction is closely associated with tumor progression and prognosis. Studies exploring the relationship between neutrophil-to-lymphocyte ratio (NLR) and tumor prognosis is notably increasing in recent years. Previous studies have shown that high NLR level before surgery may predict poor prognosis in oral squamous-cell carcinoma, colorectal cancer, and esophageal squamous cell carcinoma (ESCC).^\[[@R2]--[@R4]\]^ Furthermore, in patients with locally advanced or metastatic ESCC, NLR has proved to be a potential marker of tumor response, immune suppression, malnutrition, and progression upon chemotherapy and radiotherapy.^\[[@R5]\]^

There are also a few studies about inflammatory cells in tumor microenvironment.^\[[@R6]--[@R9]\]^ CD8+ lymphocytes, also known as cytotoxic lymphocytes, specifically kill target cells. CD66 protein is commonly used to label neutrophils.^\[[@R10]--[@R12]\]^ Ilie et al^\[[@R6]\]^ assessed the prognostic value of intratumoral cluster of neutrophils and lymphocytes in patients with resectable non-small cell lung cancer. The results identified the CD66b-positive neutrophil to CD8-positive T lymphocyte ratio in cancer nest (iNTR) as an independent prognostic predictor indicating tumor recurrence and poor long-term survival. However, there is few studies available on the prognostic value of peripheral and intratumoral NLR in patients with esophageal carcinoma. Herein, we designed the study to evaluate peripheral NLR and iNLR through blood routine test and immunohistochemistry (IHC) examination, and explore their prognostic role in patients with ESCC.

2. Material and methods
=======================

2.1. Patients
-------------

Patients who were diagnosed with ESCC and treated with radical operation in the Shuyang People\'s Hospital (Shuyang, Jiangsu, China) between February 2010 and November 2014 were screened for this observational study. The main inclusion criteria were as following:

1.  Complete clinical, pathological, laboratory, and follow-up information were available.

2.  Blood routine test was available within 1 week before surgery.

3.  Diagnosis of ESCC was confirmed by postoperative pathological examination.

The main exclusion criteria were as following:

1.  Other treatment (eg, radiotherapy and chemotherapy) were delivered before operation.

2.  The operation patients received were nonradical or palliative.

3.  Patients died during perioperative period or within 1 month after operation due to severe complications.

4.  Patients also suffered from immunological disease or received immunotherapy.

5.  Patients also suffered from systemic infection.

After screening, 103 patients were eligible for the study. Collected information included gender, age, maximum diameter of tumor, tumor location, differentiation, tumor-node metastasis (TNM) staging, history of smoking and drinking, and so on. Of 103 patients, 64 were males and 39 were females. The age ranged from 39 to 79 years with a mean age of 64.2 ± 8.4 years. Tumor staging included 15 cases in stage I, 67 cases in stage II, and 21 cases in stage III (according to the 7th edition of the American Joint Committee on Cancer Staging Manual).

The study was reviewed and approved by the Shuyang People\'s Hospital, The Affiliated Shuyang Hospital of Xuzhou Medical University Ethic Committee.

2.2. Blood routine test
-----------------------

One week before surgery, 3 mL of fasting blood was collected in the morning through the elbow vein. The automatic blood analyzer (Sysmex XE-2100) was used for testing. All operations were carried out in accordance with the instructions.

2.3. IHC test
-------------

Tissue specimens were formalin-fixed and paraffin-embedded as 3 μm tissue blocks. Paraffin sections of tumor tissues were dewaxed at 56°C for 4 hours. Antigen retrieval was conducted by heating the sections in citrate buffer for 30 minutes, natural cooling and washing with distilled water for 3 minutes. Intrinsic peroxidase activity was quenched by incubating the samples with 3% hydrogen peroxide for 10 minutes. The sections were then incubated overnight at 4°C with primary antibodies: anti-CD8 (Rabbit mAb, Gene Tech, Shanghai, China) and anti-CD66b (Rabbit mAb, Abcam, Cambridge, UK). Following incubation was performed with GTVision secondary antibody (GK600705, HRP-conjugated anti-rabbit/mice antibody). After treating the samples with 3,3-diaminobenzidine and counterstaining the nuclei with Mayer hematoxylin for 3 minutes, the sections were dehydrated and sealed with neutral balsam.

Images were obtained using a light microscope (Olympus BX41, Tokyo, Japan). Tumor nests staining and distribution of positive cells were observed at low power. Then 8 nonoverlapping views at high magnification were randomly selected for neutrophil count and lymphocyte count (Fig. [1](#F1){ref-type="fig"}). Cell counting was conducted by 2 experienced pathologists independently and took the average. Intravascular neutrophil and lymphocyte staining were set as internal control group.

![Immunohistochemistry (IHC) staining of neutrophils. (A) IHC staining ×400 times showed CD66b+ neutrophils in cancer nest; (B) IHC staining ×400 times showed intratumoral interstitial CD66b+ neutrophils; (C) IHC staining ×400 times showed CD8+ lymphocytes in cancer nest; (D) IHC staining ×400 times showed intratumoral interstitial CD8+ lymphocytes.](medi-99-e21306-g001){#F1}

2.4. Statistical analysis
-------------------------

Statistical analysis was conducted with statistical software package SPSS 18.0 (SPSS Inc.: Chicago, IL). *χ*^2^ test was performed to compare the pathological feature between 2 groups. Receiver operating characteristics curve was applied to calculate the cut-off values. Kaplan--Meier survival and Cox regression analysis were conducted to identify the prognostic factors of ESCC. *P* ≤ .05 was considered statistically significant.

3. Results
==========

3.1. Correlation between neutrophil-to-lymphocyte ratio in peripheral blood (NLR) and clinicopathologic parameters
------------------------------------------------------------------------------------------------------------------

The NLR fluctuated from 0.74 to 13.67 in 103 patients. The area under the curve of NLR was 0.732 (*P* ≤ .05). Accordingly, the optimal cutoff value of NLR was 2.5 in receiver operating characteristics curve analysis, and the sensitivity and specificity were 59.3% and 68.2%, respectively (Fig. [2](#F2){ref-type="fig"}).

![Receiver operating characteristics **(**ROC) curves of neutrophils-to-lymphocyte ratio in peripheral blood (NLR) and cancer nests (iNLR). Accordingly, the optimal cutoff value of NLR and iNLR was 2.5 and 0.2 respectively in ROC curve analysis.](medi-99-e21306-g002){#F2}

Therefore, low NLR group was identified as NLR ≤ 2.5 (54 cases) while high NLR group was identified as NLR ≤ 2.5 (49 cases). According to *χ*^*2*^ test of clinicopathologic parameters, NLR level was significantly correlated with gender, alcohol assumption, and TNM staging (*P ≤* .05), while there was no statistical difference of age, smoking, and differentiation (*P ≤* .05). Table [1](#T1){ref-type="table"} summarized the clinicopathologic characteristics of 2 groups.

###### 

Correlation between neutrophils-to-lymphocyte ratio in peripheral blood and clinicopathologic parameters in 103 patients with esophageal squamous cell carcinoma.

![](medi-99-e21306-g003)

3.2. Correlation between neutrophil-to-lymphocyte ratio in cancer nests (iNLR) and clinicopathologic parameters
---------------------------------------------------------------------------------------------------------------

The iNLR fluctuated from 0 to 26 in 103 patients. Since the area under the curve of iNLR was 0.828 (*P* ≤ .05) and 0.608 for interstitial iNLR (*P* \> .05), the optimal cutoff value of iNLR was 0.2 with relatively higher sensitivity (79.7%) and specificity (70.5%) (Fig. [3](#F3){ref-type="fig"}).

![The Kaplan--Meier curves illustrate the cumulative survival time stratified according to (A) the level of neutrophils-to-lymphocyte ratio in peripheral blood (NLR) and the (B) level of intratumoral neutrophils-to-lymphocyte ratio (iNLR). In part A, the green curve represents patients with high NLR while blue curve represents patients with low NLR (*P* = .006). In part B, the green curve represents patients with high iNLR while blue curve represents patients with low iNLR *(P* = .000).](medi-99-e21306-g004){#F3}

Therefore, low iNLR group was set as NLR ≤ 0.2 (43 cases) while high iNLR group was set as NLR ≤ 0.2 (60 cases). Chi-square analysis indicated significant difference of alcohol assumption and TNM staging between 2 groups (*P ≤* .05), but no meaningful difference of gender, age, smoking habit, and tumor differentiation (*P ≤* .05). Table [2](#T2){ref-type="table"} reviewed the clinicopathologic characteristics of 2 groups.

###### 

Correlation between neutrophils-to-lymphocyte ratio in cancer nests and clinicopathologic parameters in 103 patients with esophageal squamous cell carcinoma.
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3.3. Survival analysis
----------------------

The median OS time of low NLR group was significantly longer than that of high NLR group as 48 months versus 30 months (*χ*^2^ = 7.435, *P* *=* .006) (Fig. [3](#F3){ref-type="fig"}A). Likewise, the distinction was also detected between low iNLR group and high iNLR group. The median survival time of 2 groups were 37 months and 24.5 months (*χ*^2^ = 33.640, *P* *=* .000) (Fig. [3](#F3){ref-type="fig"}B). Subgroup analysis of stage II disease further implied patients low iNLR had longer survival time compared with their high iNLR counterparts (37 months vs 28 months, *χ*^2^ = 16.150, *P* *=* .000). However, comparable survival benefit was not obtained in stage II patients with low NLR against high NLR (48 months vs 34 months, *χ*^2^ = 1.390, *P* *=* .238).

In univariate analysis, low NLR or iNLR level was assigned as 0 while high NLR or iNLR was 1, then the score of NLR + iNLR was calculated for further analysis. The results showed TNM staging, NLR, iNLR, and NLR + iNLR score were significantly associated with OS (*P* ≤ .05) (Table [3](#T3){ref-type="table"}). More specifically, the median OS time was significantly declined with increasing NLR + iNLR score. When the score were 0, 1, and 2, the OS were 38 months, 36 months in and 27 months, respectively (*χ*^2^ = 12.822, *P* = .002).

###### 

Univariate analysis of overall survival in patients with esophageal squamous cell carcinoma after radical surgery.
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In multivariate analysis, NLR level, iNLR level, and TNM staging were introduced into Cox regression model. The results identified advanced TNM staging, high level of NLR and iNLR were independent factors implying worse OS (*P* ≤ .05) (Table [4](#T4){ref-type="table"}).

###### 

Multivariate analysis of overall survival in patients with esophageal squamous cell carcinoma after radical surgery.
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4. Discussion
=============

In China, nearly 300,000 patients die from esophageal carcinoma every year, accounting for 50% of the total worldwide.^\[[@R13]\]^

Although great development has achieved in esophagectomy, long-term survival of patients with esophageal carcinoma after surgery has stayed poor.^\[[@R5]\]^ Comprehensive treatment combining surgery with radiotherapy and chemotherapy may be the way to make improvement. However, unbridled generalization of comprehensive treatment without considering individual difference, on the other hand, causes overtreatment and increase patients' physical and economic burden. Therefore, independent and effective prognostic factors are in urgent need to predict high risk group for aggressive treatment and intensive follow-up. As is well-known, neutrophils play an important role in non-specific immune response, but its antitumor mechanisms remain unclear.^\[[@R14]\]^

It was once believed neutrophils have a short lifespan. They only have a transitory stopover of 6 to 8 hours after migrating from bone marrow to peripheral blood, then transport to connected tissue and survive 2 to 3 days. Nevertheless, recent studies discovered neutrophils may live more than 4 days in peripheral circulation, which is much longer than expected.^\[[@R15]\]^ Meanwhile, neutrophils have various functions involving in broad pathways of T cell migration, activation, differentiation, and receptor regulation.^\[[@R16]--[@R18]\]^ A study of early-stage lung cancer found that tumor-associated neutrophil (TAN) revealed as an activated phenotype compared with neutrophils in peripheral blood. Its distinct chemokine receptor expression expanded immune function by upregulating CD54, CCR5, CCR7, CXCR3, and CXCR4, and downregulating CXCR1 and CXCR2. Meanwhile, TAN stimulated T cell to further regulate immune reaction.^\[[@R19]\]^ TAN was also detected to encourage tumorigenesis by releasing vascular endothelial growth factor and supporting tumor angiogenesis.^\[[@R20]\]^ Lymphocyte is also placed among critical inflammatory cells. Reduction of CD8+ lymphocytes will provide favorable condition for proliferation and metastasis of tumor cells. Hence, they have been widely recognized as important anti-tumor cells with specific killing activity to tumor cells.^\[[@R7]\]^

In recent years, cumulative studies have proved that NLR in peripheral blood can comprehensively reflect the inflammation and immune status of cancer patients. He et al ^\[[@R21]\]^ found that patients with esophageal carcinoma had worse OS if their NLR in peripheral blood was higher than 3.5. In multivariate analysis, age ≥65 years, nonsquamous cell type, high TNM staging, unresectable tumor, and NLR \> 3.5 were independent risk factors of poor prognosis. In 2016, Kosumi et al^\[[@R22]\]^ retrospectively analyze 283 ESCC patients undergoing resection in the period from 2005 to 2011. High NLR level was also detected to be related to shorter survival time (*P* = .0081). In the present study, NLR = 2.5 was set as the cut-off point to divide the patients into high NLR group and low NLR group. Survival analysis showed significant prolong of survival time as 18 months in low NLR group (*χ*^2^ = 7.435, *P* *=* .006). Both univariate and multivariate analysis identified high NLR level in peripheral blood as a predictor of poor prognosis. Nonetheless, subgroup analysis of stage II cases failed to confirm this finding, which might be related to the deficient number of stage II cases in our study.

NLR in tumor tissue can also function as peripheral NLR or even better. In 2012, Ilie et al^\[[@R6]\]^ analyzed 632 non-small cell lung cancer cases by detecting the expression of CD66b and CD8 in tumor tissue. The results showed an elevated iNLR was strongly associated with high cumulative incidence of relapse, in other words, patients with high iNLR relapsed earlier than those with low iNLR (*P* \< .0001). In 2016, an IHC study collected the clinicopathological information of 28 patients received surgical resection for pancreatic cancer to determine the value of NLR as a prognostic factor in patients with pancreatic cancer.^\[[@R23]\]^ Researchers found iNLR ≥ 5 was an important risk factor of poor disease-free survival and OS. Nevertheless, few studies focusing on iNLR in ESCC are available. To our best knowledge, it was the first study combining NLR and iNLR to detect the prognosis of patients with ESCC.

We collected 103 ESCC cases and labeled neutrophils and lymphocytes by immunohistochemical staining with CD66b+ and CD8+ to investigate the prognostic value of iNLR. In this study, Kaplan--Meier method was used to compare the survival curves of patients with low iNLR and high iNLR. It was confirmed that patients with high iNLR had worse prognosis and the OS rate was lower than that of low iNLR group. In addition, univariate and multivariate analysis showed that iNLR is an independent factor affecting the survival of ESCC after surgery, high TNM staging, and iNLR indicated poor prognosis after surgery.

NLR + iNLR score was confirmed to be a novel and potential prognostic factor. Though concurrent increasing of NLR and iNLR evidently forecast poor long-term prognosis, it remains vague whether combining assessment is better than NLR or iNLR only. Multivariate analysis with COX model suggested that the relative risk of TNM staging was higher than iNLR and NLR. Large scale and retrospective studies are required.

There are also some limitations of this study. Firstly, there is no consensus of the cutoff value of NLR or iNLR, making it difficult for its application in clinical practice. Secondly, the role of postoperative chemotherapy and radiotherapy was not taken into consideration, which, on the other hand, may improve the prognosis and prolong survival time. There is a certain degree of bias in prognosis prediction with preoperative peripheral blood sample and pathological sections from surgery only. Third, very few studies on iNLR have been published, further mechanisms of its action remain unclear.

In conclusion, we demonstrated NLR and iNLR are trustworthy prognostic markers to predict patients with potential poor prognosis. The application of both NLR, iNLR, and NLR + iNLR could guide clinicians to take aggressive treatments for high risk population.
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